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Eighty-Five Day Postexposure Follow-up
Study in Fischer 344 Rats After Repeated
Exposures to Methyl Isocyanate Vapor
by Edward H. Fowler* and Darol E. Dodd*
The objectives ofthis study were to describe the microscopic lesions in the respiratory tract of Fischer
344 rats as a result of4- or 8-days exposure (6 hr/day) of3 ppm MIC and to characterize the postexposure
development of these lesions up to day 85. All rats survived the exposure regimen, although significant
decreases in body weight and encrustation ofthe eyes, nose, or mouth were observed. During the first 15
days of postexposure, the rats were hypoactive and had increased respiratory rates. Male mortality was
as high as 63%; only 5% of the MIC-exposed females died. The cause of death was interpreted to be
respiratory compromise complicated by anorexia and probably dehydration as well. During the next 28
postexposure days, 48% ofthe male survivors died, while only 3% ofthe female survivors died. Throughout
the 85-day postexposure period, body weight gains in the MIC-treated groups were consistently below
control values. Inflammatory and squamous metaplastic lesions ofthe respiratory tract, observed the day
followingcompletion ofeitherthe4-or8-dayexposure regimen, decreased inbothfrequencyand/orseverity
in survivors ofthe 85-day postexposure period, indicatingrecovery from the cytotoxic and irritating effects
of MIC vapor. The squamous metaplastic epithelium was replaced by regenerative epithelium beginning
in the deeper portion ofthe respiratory tract. Maturation ofcollagen occurred in the areas ofsubmucosal
fibroplasia.
Introduction
Acute inhalation studies with methyl isocyanate
(MIC) vapor in Fischer 344 rats determined the 6-hr
LC50 value to be 6.1 ppm (1,2). MIC vapor was deter-
mined to be a potent irritant, resulting in extensive
damage to the respiratory mucosa in Fischer 344 rats,
B6C3F1 mice, and Hartley guinea pigs (2,3). Subse-
quently, a repeated exposure study was conducted in
which groups of male and female F344 rats were ex-
posed to3.1, 0.6, 0.15, or0.0(control) ppmofMIC vapor
6 hr per day for two 4-day periods separated by a2-day
rest (4,5). Only the 3.1 ppm exposure regimen resulted
in biologically significant changes, and these were con-
fined to the respiratory tract.
The objectives of this study, initiated in 1982 (prior
to the Bhopal tragedy), were to more fully describe the
lesions in the rat respiratory tract as a result of4 or 8
days of exposure to MIC vapor and to characterize the
subsequent development of these lesions during a 3-
month recovery period.
Materials and Methods
Details of the materials, vapor generation methods,
and analytical procedures used in this study have been
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described previously (4). Briefly, vapors of MIC-nitro-
gen gas were metered from astainless-steel cylinder(1)
containing liquid MIC into stainless-steel and glass
chambers (4350 L) operated at an airflow rate of 1200
L/min. Chamber air was analyzed for MIC approxi-
mately three times per hr with a Perkin-Elmer 3920B
gas chromatograph equipped with a nitrogen-phospho-
rus detector. A Perkin-Elmer automatic gas sampling
system was used for chamber sampling. Calibration of
the gas chromatograph was performed with liquid in-
jections of MIC in n-hexane standard solutions which
were prepared volumetrically. The minimum detection
limit was approximately 100 ppb.
Animals Species, Source, and Husbandry
Male and female Fischer 344 rats [COB® CDF® (F-
344)/CrlBR], 34 to 36 days of age, were received from
Charles River Breeding Laboratories (Portage, MI).
Upon arrival, fecal samples were examined for intes-
tinalparasites byzincsulfateflotation. Theresultswere
negative. The animals were kept on a 12-hr light/dark
photoperiod throughout the study. Water, supplied by
anautomaticwateringsystem, andpowderedfeed(Pur-
ina #5002) supplied by Ralston Purina Company (Rich-
mond, IN) were available ad libitum except during in-
halation exposures. All rats were numbered by toe
clippingandhousedtwopercageinstainless-steel, wire-FOWLER AND DODD
mesh cages (separated by test group and sex). A layer
of Deotized Animal Cage Board® (Shepherd Specialty
Papers, Inc., Kalamazoo, MI) was placed under each
shelf of cages except during inhalation exposures.
Body weight and physical condition of all rats were
followed forapproximately 2 weeks priortorandomized
assignment into exposure groups. At the time ofgroup
assignment, only animals with bodyweights within two
standard deviations ofthegroupmeanforeachsexwere
used in the study. Any animal in poor health or having
eye lesions was rejected from group assignments.
Group Assignment and Exposure Regimen
The group size was 72/sex for the MIC-exposed rats
and 25/sex for the air only (control) rats. The rats as-
signed to the MIC group were divided into 8-day (48/
sex) and 4-day (24/sex) exposure subgroups. The target
chamber concentration for the MIC-exposed rats was
3.0 ppm. For the 8-day subgroup, exposures were 6 hr/
dayfor4 consecutive days. After2 days ofrest, animals
were exposed foran additional 4 consecutive days. Con-
trol animals were exposed to air alone. The 4-day
subgroup was introduced into the chambers during the
second4-dayregimenofthe8-daysubgroup. Therefore,
the 4-day, 8-day, and control rats, designated for sac-
rifice the day following their final exposure, were all
sacrificed and necropsied the same day. The study de-
sign called forpostexposure evaluations ofrats at 1, 15,
43, and 85 days following termination ofexposures (Ta-
ble 1). Because of the unexpected number of deaths
duringthe postexposure period, the numberofrats sac-
rificed at these evaluation periods were fewer than
planned.
Necropsy and Evaluation Procedures
Animals were observed forsignsoftoxiceffects daily.
Body weights were determined on the morning preced-
ingthefirst, fourth, fifth, andeighthexposure andagain
preceding sacrifice. During the postexposure period,
rats were weighed weekly. All rats were necropsied,
Table 1. Original design for postexposure sacrifices.
Sacrifice Postexposure Group Number to be
number day identification killed per sex
1 1 4-day exposure 8
8-day exposure 8
8-day control 5
2 15 4-day exposure 8
8-day exposure 10
8-day control 5
3 43 4-day exposure 8
8-day exposure 10
8-day control 5
4 85 8-day exposure 10
8-day control 5
5 Optional 8-day exposure 10
8-day control 5
but only respiratory tissues (i.e., nasal passages, lar-
ynx, trachea, bronchi, and lungs) were saved in 10%
NBF for evaluation. Tissues were embedded in paraffin
(following decalcification ofthe nasaltissues), sectioned
at 5 microns, and stained with hematoxylin and eosin.
Body weight changes were compared by t-test. The
actuarial life table method ofCutler and Ederer (6) was
used for survival analysis. A fiducial limit of0.05 (two-
tailed) was used as a critical level of significance.
Results and Discussion
Chamber Concentrations and
Environmental Conditions
The mean analytical chamber concentration for each
exposure day was 3.0 ppm. No MIC was detected in
the control chamber. A brief overexposure occurred
during the first hour of exposure day 5. An MIC con-
centration as high as 12.6 ppm was detected, but the
time-weighted average for the first hour was only 4.6
ppm. Nominal chamber concentrations were not cal-
culated because the concentration of the MIC in the
head space of the generation cylinder was not deter-
mined. Daily mean chamber temperature and relative
humidity for all exposure groups ranged from 720 to
77°F and 33 to 44%, respectively. The housing quarters
for the postexposure period were within a temperature
range of 710 to 76°F and had a relative humidity range
of 32 to 50% for the majority of time.
Animal Observations
During the exposure regimen, several cases of peri-
nasal, perioral, or periocular wetness and/or encrusta-
tion were observed inthe 3.0 ppmmale and femalerats.
Approximately one-third ofthe MIC-exposedmaleshad
audible respiration during the second week ofexposure
(days 5 through 8). A few female rats had perineal wet-
ness. No clinical abnormalities were observed in the
control rats.
For MIC-exposed survivors, the most frequent ob-
servation was increased respiratory rate in both males
and females, 8-day or 4-day treated, during postexpo-
sure days 1 through 15. In addition, hypoactivity was
frequently observed in the 3.0 ppm rats. A few cases
ofperinasal, perioral, or periocular wetness and/or en-
crustation, as well as ataxia, were observed. No new
clinical signs appeared during the postexposure period
and clinical signs decreased in frequency with time.
Body Weights
Figure 1 illustrates the mean body weights for rats
exposed to either 4 or 8 days of3.0 ppm ofMIC and for
control animals. As expected from the first repeated
exposure study (4,5), MIC-treated rats had a large de-
crease in body weight compared to control animals dur-
ing the exposure regimen. In general, the magnitude
ofthe decrease in bodyweight was greater in the 8-day
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FIGURE 1. Body weights for male and female Fischer 344 rats fol-
lowing either 4 or 8 days of exposure to 3.0 ppm of methyl iso-
cyanate vapor.
MIC-exposed rats than in the 4-day exposed rats. Re-
covery from body weight loss in female rats began soon
afterthe last MIC exposure. However, in MIC-exposed
males, recovery from body weight loss did not begin
until postexposure week 3. In MIC-exposed male rats,
recovery from body weight loss took longer in the 4-
day group than in the 8-day group, although the 4-day
group recovered more weight. This was not the case for
female rats, in which the time and magnitude of recov-
ery from body weight loss were comparable for the 4-
day and 8-day MIC-treated groups. The air-exposed
control animals had body weight gains at each weighing
period throughout the study.
Mortality
No deaths were observed during either the 4- or 8-
day MIC exposure regimen. However, 63% ofthe MIC-
exposed male survivors died during postexposure days
2through 15, while only5% ofthe female survivors died
during this time interval. For each sex, the cumulative
survival between the 4-day and the 8-day MIC-treated
rats were similar(Table2). Forthepostexposureperiod
of 16 through 43 days, 10 of 21 male survivors (48%)
and 1 of 35 female survivors (3%) died. No deaths oc-
curred during the postexposure period of44 through 85
days. No control rats died during the study. The cause
of death appeared to be respiratory compromise com-
plicated by anorexia, and probably dehydration as well,
as evidenced by the rats' empty stomachs at the time
ofnecropsy. The failure to eat and drink was attributed
to degeneration and necrosis ofthe olfactory epithelium
produced by the MIC vapor, as it is generally accepted
that rats are stimulated to eat by smell. The observed
mortality difference between sexes was not observed
in previous acute studies (1-3). Differences inmortality
between sexes have been observed with F344 rats ex-
posed to acrolein vapor, another potent cytotoxic and
irritating chemical (7), but no explanation was given for
the difference.
Pathology
Sacrifice the Day Following the Final
Exposure
The only consistent gross lesion observed in rats sac-
rificed on the day following the 4- or 8-day exposure
was evidence of pulmonary congestion. More female
rats had evidence of congestion than did male rats in
both the 4-day and the 8-day exposure groups. Nasal
cavities were flushed with formalin at the time of ne-
cropsy, but were not opened until after fixation; and
therefore, gross lesions were not detected in the upper
respiratory tract.
Inflammation and squamous metaplasiawere present
with the same relative frequency in the upper respi-
ratory tract in the 4- and 8-day rats (Table 3). The only
principaldifference wasthelessfrequent squamousme-
taplasia and submucosal fibroplasia in the bronchioles
of male rats exposed for 4 days compared to those ex-
posed for 8 days. There was also a greater frequency
of regenerative epithelial hyperplasia in the lungs and
tracheas ofthe female rats exposed for8 days than was
observed in the 4-day exposed animals (Fig. 2). The
severity of lesions between the 4- and 8-day exposed
rats was not appreciably different.
Sacrifice on Postexposure Day 15
No male rats were sacrificed on postexposure day 15
because of the large number of deaths that occurred
between postexposure days 1 and 15 (Table 2). Among
the female rats sacrificed at this time, only one had
pulmonary congestion at necropsy.
The microscopic lesions are presented in Table 3.
While squamous metaplasia was still evident in the up-
per respiratory tract, namely the nasal passages and
larynx, it could no longer be observed in the trachea or
the bronchioles. However, the frequency of regenera-
tive epithelial hyperplasia was increased fromthat seen
on postexposure day 1, especially in the lungs ofthe 4-
day exposed rats and in the tracheas of the 8-day ex-
posed rats.
Sacrifice on Postexposure Day 43
Male and female rats from both the 4- and 8-day ex-
posure groups were sacrificed and necropsied on post-
exposure day 43 (Table 2). Nearly all of the male rats
had evidence of pulmonary congestion at necropsy,
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Table 2. Number of Fischer 344 rats sacrificed or found dead after exposure to 3.0 ppm of MIC vapor for 4 or 8 days.
No. No. sacrificed No. found dead
Exposure starting Day Days
Sex group study 1 15 43 85 1-15 16-43 44-85
Male Control 25 5 0 10 5 o(o)a 0(0) 0(0)
8 day 48 8 0 6 3 24(50) 7(15) 0(0)
4 day 24 8 0 2 - 11(46) 3(13)
Female Control 25 5 5 5 5 0(0) 0(0) 0(0)
8 day 48 8 10 10 lob 3(6) 0(0) 0(0)
4 day 24 8 8 7 o(o) 1(4)
aNumbers in parentheses indicate percent dead.
bSeven ofthe remaining 8-day exposed female rats were not sacrificed.
Table 3. Frequency of lesions in the respiratory tract of Fischer 344 rats exposed 4 or 8 days to 3.0 ppm of MIC vapor and sacrificed
on postexposure days 1 and 15.
Postexposure day 1 Postexposure day 15
Males Females Females
Organs/lesions 4-day 8-day Control 4-day 8-day Control 4-day 8-day Control
Nasal passages
Number examined 8 8 5 8 8 5 8 10 5
Rhinitis 6 7 0 8 8 0 0 1 0
Ulceration/erosion 2 0 0 5 0 0 0 0 0
Squamous metaplasia 8 8 0 8 8 0 6 7 0
Larynx
Number examined 8 8 5 8 8 5 8 9 5
Laryngitis 1 1 0 0 2 0 1 1 0
Regenerative hyperplasia 0 1 0 0 0 0 5 5 0
Squamous metaplasia 7 8 0 8 8 0 6 4 0
Trachea
Number examined 8 8 5 8 8 5 8 10 5
Tracheitis 4 6 0 5 6 0 0 1 0
Regenerative hyperplasia 0 2 0 0 3 0 1 10 0
Squamous metaplasia 6 7 0 7 8 0 0 0 0
Lungs/bronchioles
Number examined 8 8 5 8 8 5 8 10 5
Bronchiolitis 5 6 0 7 4 0 0 0 0
Pneumonitis 0 4 0 0 2 0 1 4 0
Regenerative hyperplasia 2 2 0 0 7 0 7 10 0
Squamous metaplasia 1 5 0 5 7 0 0 0 0
Submucosal fibroplasia 1 6 0 0 0 0 0 0 0
whereas only one female rat had any color change in
the lungs.
Table 4 lists the frequency ofmicroscopic lesions ob-
served fromrats sacrificed onpostexposure day43from
the 4- and8-dayexposure groups. Squamous metaplasia
fromthe nasalpassages tothebronchioleswasobserved
in a few male rats from the 8-day group, but for the
mostpart, the squamous metaplasia was confined tothe
upperportion ofthe respiratory tract, andregenerative
hyperplasia of mucosal epithelium was present in the
trachea and bronchioles. Submucosal fibroplasia was
still present in the bronchioles of male rats from both
the 4- and 8-day exposure groups, but by this time the
character of the fibrous connective tissue core was
changing to consist of more mature fibrous tissue, and
the polypoid projections into the lumina were not as
pronounced (Fig. 3).
Sacrifice on Postexposure Day 85
Only male and female rats from the 8-day exposure
group were scheduled for sacrifice on postexposure day
85 (Table 2). Only three male rats from the 3.0 ppm
exposure group were alive at this point. Seventeen of
the 3.0 ppm-exposed female rats survived, ten ofwhich
were necropsied andexaminedmicroscopicallywithfive
control rats from the male and female groups. At ne-
cropsy, only one MIC-exposed female rat had any evi-
dence ofpulmonary congestion.
Table4liststhefrequencyoflesionsobserved atpost-
exposure day 85. There was still evidence ofsquamous
metaplasia in the upper respiratory tract and regener-
ative epithelialhyperplasiainthelowertract, especially
in the male rats, which had more severe lesions com-
pared to the females. Submucosal fibroplasia was still
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FIGURE 2. Regenerative epithelium covering a small area of sub-
mucosal fibroplasia in a female rat exposed to 3.0 ppm of MIC
vapor for 8 days. H & E, x 160.
evident, with the central portion of the polypoid pro-
jections consisting of dense fibrous connective tissue
(Fig. 4). Mucous plugs were present in terminal bron-
chioles and alveoli in a few rats of both sexes (Fig. 5).
Sacrificesperformed onpostexposure days 15,43, and
85 revealed a progressive resolution ofthe changes in-
itiallyobserved onthedayfollowingtermination ofMIC
exposures. The squamous metaplasia initially observed
throughout the mucosal epithelium down to and includ-
ing the respiratory bronchioles was replaced by regen-
erative mucosal epithelium. The regenerative mucosal
epithelium first seen in the lower respiratory tract pro-
ceeded cephalad as time progressed. Epithelial regen-
eration looked different with time: the cells were less
numerous and cuboidal rather than columnar due to
maturation of the new epithelium. Inflammation was
reduced in both frequency and severity throughout the
respiratory tract with time, and there appeared to be
littleevidence ofresidualeffectinthepulmonarytissues
at 85 days postexposure.
Rats Found Dead
The most significant and consistent finding at ne-
cropsy was pulmonary congestion, which was observed
in almost all ofthe rats found dead and usuallyinvolved
mostofthe lungparenchyma. Also observed atthetime
of necropsy was a lack of ingesta in the stomachs of
many ofthe rats that died.
Table 5 presents the principal microscopic findings in
the rats found dead. Autolytic changes were present in
some of the tissues, making critical evaluation difficult
or impossible depending on the extent ofthe autolysis.
The most consistent changes observed in the nasal tis-
sues were congestion, present in most ofthe rats, and
degeneration or necrosis ofrespiratory and/or olfactory
mucosa, which were more frequently observed in the
rats that died shortly after termination of exposures.
Squamous metaplasia was observed in the nasal tissues
in only those male and female rats exposed for 8 days
to the MIC vapor.
The most common finding in the larynges ofthe rats
that died was squamous metaplasia. However, in the
Table 4. Frequency of lesions in the respiratory tract of Fischer 344 rats exposed 4 or 8 days to 3.0 ppm of MIC vapor and sacrificed
on postexposure days 43 and 85.
Postexposure day 43 Postexposure day 85
Males Females Males Females
Organs/lesions 4-day 8-day Control 4-day 8-day Control 8-day Control 8-day Control
Nasal passages
Number examined 2 6 10 7 10 5 3 5 10 5
Rhinitis 0 4 0 0 0 0 2 0 1 0
Ulceration/erosion 0 0 0 0 0 0 0 0 0 0
Squamous metaplasia 0 6 0 3 4 0 3 0 1 0
Larynx
Number examined 2 6 10 7 10 5 3 5 10 5
Laryngitis 0 0 0 0 0 0 0 0 2 0
Regenerative hyperplasia 0 0 0 2 0 0 0 0 1 0
Squamous metaplasia 2 1 0 0 2 0 0 0 2 0
Trachea
Number examined 2 6 10 7 10 5 3 5 10 4
Tracheitis 0 2 0 0 0 0 0 0 1 0
Regenerative hyperplasia 2 0 0 3 4 0 2 0 0 1
Squamous metaplasia 0 1 0 0 0 0 0 0 0 0
Lungs/bronchioles
Number examined 2 6 10 7 10 5 3 5 10 5
Bronchiolitis 0 4 0 0 0 0 1 0 0 0
Pneumonitis 1 5 0 0 0 0 2 0 0 0
Regenerative hyperplasia 2 5 0 6 6 0 3 0 1 0
Squamous metaplasia 0 2 0 0 0 0 0 0 0 0
Submucosal fibroplasia 1 3 0 0 0 0 2 0 0 0
129FOWLER AND DODD
FIGURE 3. Mature fibrous connective tissue in the core of two in-
traluminal polyps arising in the bronchiolar wall of a male rat 43
days after 8 days of exposure to 3.0 ppm of MIC vapor. H & E,
x 160.
FIGURE 4. Intraluminal polyp consisting of mature fibrous connec-
tive tissue covered by regenerative epithelium in a bronchiolar
wall of a male rat 85 days after 8 days of exposure to 3.0 ppm of
MIC vapor. H & E, x 160. (Reprinted courtesy of Academic
Press.)
tracheas, the most frequent lesion observed was epi-
thelial regeneration, especially in the 8-day exposed
male rats. Necrosis was present in the laryngeal and
tracheal epithelium from a few male rats exposed for 8
days to MIC vapor.
The lungs revealed a number of changes which ap-
peared differentfrom, ormoresevere than, the changes
observed in the sacrificed rats. Congestion, and occa-
sionally hemorrhage, was observed in many ofthe rats
that died. Edema, inflammation, and hyaline membrane
depositions were changes that appeared either only in
rats that died (edema, hyaline membranes) or more se-
verely(pneumonitis) intheserats(Figs. 6-8). Thepneu-
monia was manifested in various ways, either as bron-
chopneumonia, diffuse fibrinous or fibrinopurulent
pneumonia, orinterstitial pneumonia. Necrosis, epithe-
FIGURE 5. Mucus present in the terminal bronchiole and alveoli of
a male rat 85 days following exposure to 3.0 ppm of MIC vapor
for8days. H & E, x 160. (ReprintedcourtesyofAcademicPress.)
Table 5. Frequency of lesions in the respiratory tract of Fischer
344 rats that died following exposure to 3.0 ppm of MIC vapor
for 4 or 8 days.
Males Females
Organs/lesions 4-day 8-day 4-day 8-day
Nasal passages
Number examined 14 30 1 3
Congestion 10 30 0 2
Rhinitis 2 4 0 1
Degeneration/necrosis 9 16 0 3
Regenerative hyperplasia 0 3 0 0
Squamous metaplasia 0 7 0 3
Larynx
Number examined 13 31 1 3
Laryngitis 1 0 0 0
Necrosis 0 3 0 0
Regenerative hyperplasia 0 1 0 0
Squamous metaplasia 12 18 1 3
Trachea
Number examined 11 31 1 3
Necrosis 1 5 0 0
Congestion 1 3 0 0
Regenerative hyperplasia 0 20 0 1
Squamous metaplasia 1 1 0 1
Edema 0 3 0 0
Lungs
Number examined 14 31 1 3
Congestion 13 30 1 2
Edema 7 19 1 2
Hemorrhage 6 9 1 1
Pneumonitis 9 16 0 1
Hyaline membrane 0 8 0 1
Necrosis 0 19 0 2
Regenerative hyperplasia 0 15 0 1
Squamous metaplasia 0 8 0 0
Submucosal fibroplasia 4 7 0 0
lial regeneration, and squamous metaplasia of bron-
chiolar epithelium were observed only in the dead male
or female rats exposed to MIC vapor for 8 days. Sub-
mucosal fibroplasia was confined to the male rats and
was observed with about equal frequency and severity
as in the sacrificed rats.
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FIGURE 6. Perivascular edema, congestion, and pneumonia in the FIGURE 8. Suppurativebronchopneumoniaextendingfromthebron-
lung of a male rat that died 10 days following 8 days of exposure chiole into the alveoli in a male rat that died 39 days following 8
to 3.0 ppm of MIC vapor. H & E, x 160. days of exposure to 3.0 ppm MIC vapor. H & E, x 160.
FIGURE 7. Hyaline membrane formation and congestion in the lung
of a male rat that died 5 days following 8 days of exposure to 3.0
ppm of MIC vapor. H & E, x 160. (Reprinted courtesy of Aca-
demic Press.)
The fact that edema and hyaline membrane deposits
were observed in some of the rats that died following
repeated exposures to MIC vapor is a noteworthy dif-
ference from those animals that were sacrificed, and
probably contributed to the death of the rats by res-
piratory insufficiency. The infusion of lungs with 10%
NBF, as was performed in these studies, is not consid-
ered the most appropriate method for detection oflung
edema because infusion tends to remove evidence of
mild pulmonary edema (8).
Similarities to Acrolein Exposure
The lung lesions induced in male F344 rats by inhal-
ation of 4.0 ppm of acrolein vapor 6 hr/day for 62 days
of exposure were similar to some of those observed in
rats exposed to MIC vaporin that bronchiolarepithelial
necrosis, bronchiolar mucopurulent plugs, and focal
pneumonitis occurred with acute rhinitis (7). The se-
verity ofpulmonary lesions with respect to acrolein va-
por inhalation was described as being somewhat more
variable from animal to animal and from one area ofthe
lungto anotherinthe same rat (7) than were the lesions
observed in the MIC vapor-exposed rats in both ofthe
repeated exposure studies (4,5). None of the 3.1 ppm
or 3.0 ppm MIC vapor-exposed rats completed the ex-
posure regimen without some evidence of damage in-
volving the bronchioles and upper respiratory tract.
However, involvement ofthe alveoli was quite variable
(negligible or slight) in many ofthe rats.
Conclusions
F344 rats exposed to 3.0 ppm ofMIC vapor for 4 or
8 repeated exposures of 6 hr/day developed lesions in
the respiratory tract which reflected the cytotoxic and
irritating nature ofMIC. Substantially more male rats
died following4 or 8days ofrepeated exposures to MIC
vapor than did females. Rats that died had evidence of
more severe pulmonary lesions, including edema, hya-
line membrane formation, and pneumonia in the lungs,
than did the survivors. Rats found dead also had little
evidence ofingesta in their stomachs, which suggested
that perhaps the degeneration of the olfactory mucosa
inthe nasal passages had resulted intheirfailure to eat.
Recovery ofrats was followed up to 85 days. Repair of
the injured respiratory mucosa took the form of re-
placement of the metaplastic epithelium by regenera-
tive epithelium, beginning first in the deeper portion of
the tract. The regenerative epitheliummatured as time
progressed. The submucosal fibroplasia developed into
more mature collagenthatretracted, causingshrinkage
of the polypoid projections observed in the lumina of
bronchioles. The inflammation observed throughoutthe
respiratory system immediately following termination
of exposures decreased in both frequency and severity
as the time after exposure increased. It is concluded
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that recovery of the respiratory tract was substantial
inthe F344rat duringthe 85 days ofpostexposure, with
the few remaining residual lesions consisting of rege-
nerative airway epithelium and small areas of submu-
cosal fibroplasia.
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